Electroclinic measurements, in which an applied electric field E induces a rotation θ [∝E] of the liquid crystal director about the electric field axis in a chiral environment, were performed on several configurationally achiral liquid crystals in the presence of an imposed helical director profile.
configurationally achiral liquid crystal -this corresponds to an imposed twist of the liquid crystal director n by constructing a cell in which there is an azimuthal angle θ 0 ≠ 0 between the alignment layers' easy axes [12] . We found that this arrangement results in an electroclinic effect (ECE), wherein an applied electric field E induces a rotation ∆θ ∝ E of the local director about the electric field direction. We concluded that ∆θ is maximum at the two bounding substrates as n can deviate sharply over a few molecular diameters from the easy axes, producing an effective short helical pitch local twist environment at the substrates. This is because the twist elastic energy attempts to promote a uniform director orientation, and the resulting torque "pulls" the director by a small angle away from the easy axes. The key point is that the electroclinic effect, which requires a chiral environment, occurs where dθ/dz ≠ 0 and is largest where dθ/dz is large; here θ is the azimuthal orientation of the planar-aligned director and the z-axis is perpendicular to the substrates.
In fact, when the pitch of a chirally-doped liquid crystal is adjusted to provide a director rotation across the cell corresponding exactly to the imposed angle between the two easy axes, n becomes parallel to the easy axes at the two surfaces and the electroclinic effect becomes immeasurably small [13] .
The existence of an electroclinic effect in a twist cell is permissible on symmetry grounds, for which chirality is required. The mechanisms governing the effect, however, are much less well understood. In Ref. 12 we suggested that the system could reduce its overall energy by undergoing partial conformational deracemization of the aromatic core in which the energy barrier is only ~ 0.8 k B T for the liquid crystal 9OO4 (Fig. 1a) . This would reduce the macroscopic twist elastic energy cost, in exchange for an increase in the entropy cost associated with the conformational deracemization. Using estimates for the liquid crystal's physical parameters [12] , the results of our simple model were in good agreement with the experimental electroclinic coefficient. But is this the only possibility? As described above, other symmetry-allowed scenarios that could result in a linear electroclinic effect exist. Here we examine experimentally two of these possibilities: i) an orientational deracemization of the right and left-handed conformers, in which the numbers of left and right-handed conformers remain the same in the presence of the imposed twist, but conformers of opposite handedness adopt different orientational distributions in the helical environment, and ii) a reduction from D 2 to C 2 point symmetry on application of an electric field to a twisted director arrangement, even if the molecules are achiral [14] .
We examined experimentally these two scenarios by i) using a racemic mixture of a dopant with an axially chiral core that mimics a configurationally achiral mesogen with "rigid" right-and left-handed conformers whose energy cost to conformationally switch handedness would be ~ 100 k B T according to bond dissociation energy tables, and ii) using a configurationally achiral mesogen with a rigid and conformationally achiral core. Since neither of the two compounds exhibits the requisite nematic phase for the experiment, we measured the electroclinic coefficients using mixtures of each of these compounds in the liquid crystal 9OO4. Our central result is that, on extrapolation to 0 wt-% 9OO4, neither of these compounds showed a measurable electroclinic coefficient, suggesting that their contributions to the electroclinic effect are much smaller than what we believe is the likely mechanism, viz., a macroscopic helical twist-induced conformational deracemization of the chiral conformers.
A pair of indium-tin-oxide (ITO) coated glass slides was used as the substrates for each cell.
After the ITO glass was cleaned in detergent, acetone, and ethanol, the planar-alignment material RN-1175 (Nissan Chemical Industries) was spin coated on the substrates. The coated substrates were prebaked at 80℃ for 5 min to form the polyamic acid, and then at 250℃ for 60 min to create the polyimide. The slides were then rubbed unidirectionally using a commercial rubbing cloth to create an easy axis on each substrate for alignment of the director. Two substrates were placed together, separated by spacer beads of diameter 4 µm, and cemented, with their easy axes rotated by an angle θ 0 = (30 ± 1)° with respect to each other to create a right-handed twist cell. The cells had an air gap d between the two alignment layers which was found to be d = (4.1 ± 0.2) µm for all cells, as measured by optical interferometry. where details of the experimental geometry are given in detail in Ref.
12. An ac voltage at frequency f = 100 Hz was ramped from 0 to 7.3 V rms over 180 s, and both the ac and dc optical signals at the detector were recorded. The intensity ratio I ac / 4I dc , which is proportional to the induced director rotation ∆θ, would be identically equal to ∆θ at f = 0. That I ac / 4I dc is less than ∆θ for f ≠ 0 is due to viscoelastic effects that occur when a bulk director rotation is driven by the surface layers. The quantity I ac / 4I dc vs. E was measured at frequency f = 100 Hz for each concentration at several different temperatures within the nematic range, and a typical result is shown in Fig. 2 . Figure 3 shows the slopes ( ) And, of course, the calculations were performed only for single-component "model" molecules, none of which is similar in structure with the two rigid dopants. Second, the presence of the dopants can affect the mixture's mechanical properties, particularly the twist elasticity 22 K and the azimuthal anchoring strength coefficient 2 W , both of which play an important role in the ECE [17] .
For example, if the rigid dopant molecules were preferentially adsorbed at the surfaces and were to result in a significant enhancement of 2 W , then the misalignment of the director from the easy axes would be reduced, resulting in an increased effective surface pitch p s and therefore a reduced electroclinic coefficient. Third, despite the presence of transverse carbonyl groups that occur in both dopants and in the 9OO4, the electrical properties of the dopants are not identical to the host.
Despite these caveats, however, it is difficult to ignore the clear trends in Figs. 3 and 5 that suggest that the rigidity of the dopant cores plays a large role in suppressing the electroclinic response, and therefore conformational deracemization in a twisted environment are likely the more important contributor. To be sure, conformational deracemization can occur in the tails of the two rigid-core dopants and 9OO4 (not just in the 9OO4 core), thus contributing to an ECE [10] . This effect was not considered in Ref. 12 and requires a much more robust theoretical treatment than presented therein.
Chirality transfer continues to be an open problem [18] . Although the electroclinic effect in a twisted nematic cell was first explained by a mechanism involving the conformational deracemization of a phenyl benzoate core [12] , recent calculations suggest that other symmetry-permitted mechanisms that couple the molecular structure to the director twist may play a role. The experimental results herein indicate that the ECE becomes very small for two specific rigid-core-but-flexible-tail molecules when extrapolated to 100 wt-% concentrations. Given the structural differences between the flexible core liquid crystal 9OO4 and the rigid core dopants, the data would seem to suggest that conformational deracemization of the core is likely to be the main -although not necessarily the only -contributor to the ECE. 
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